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u Lu$>£) I U Luy Ly J iwjj &*I^H 



A*JLm 






<jr~ 



^jjjlj J i ^Tt t (^j-^JjJI aJlSjJI 4l^-r *_3_i ^_ Lajub jIj^Cl<-hVI J-^l £)-£ ^jLcjVIj *JL*JLj tcJL-oXI 4_)Lui 3jj3 cr^-J 
<La JlSjJL 1 4-JjjJI c_jjL?tI(Jl *_4 j ajj 4-xjL>ijJ 3j_Lai». *LjkuJu j^j-Lajj *n<; r^jJ 4-4ulJ| 3jl_iVI O-La^. J^J 

(^jJI ^JLajlJI *jbljJI *_a 4-Lq.UJI 4JJJ-JI (3^(j^ <1*-ju>l1 (_/<(jtl <--<JjJuJlj (^-^aJI ^-JLjuJJ 4-aL*-JI 4-Lrjn-ujJLtj J-aaJI 
jh^=D] ^ojjJu t^u^u 4JLcL^3lLc 3^ ka L AjL^JuI ^_ (jLseJJI 0jufc ?7^icI(J <(J-<^jlj! (3J-*-" Cj\ A W*t a 4ul&jJ£ 

.AjxuLu V I 4jI ALalLa jj^^ j ^_ 4-ljlSIj jIl^dij 4 J^qjuI ^J-*-^ L^I-jl^jJ! 

e-^i-uL>Jl 4-jLjjl^ ^uou^j ^JjJuJL OLxJj^IL^aJ} CjLij-uL-u! i-<ijj 4-ijJjJuJl 4-a-lSj>J1 ^JlA (JjLuJj 

■j^ j^ Vltl I JuJ 4-^j^UI CjIjL^JLI c-jl t (U^-zd\ AjJlx^=3 JjLuj AJ^-p^ CjLc j-xisj-^ ^ q\\ c-cJjJuJI j^dIjJL 

j^C 4ill ^y3 J-^G 4-iJJjJuJI 4 jj^-vJI OjJt> <^1jJu (^-J ^ tW) lj-&J /J-ALlII j^j-LaJJ ^JQ tsfA 4-^LjlJI 3jl^Vlj 



^l-ALuLI jJi^-LiJj p j 4 t^ajJ 4-4ULJI Sj! jV! 







. CjLjjP^=JVI 4_ A-4-<_uL_u^l CjIjL^JLI c-JjJuII uLo^al J} i^ui^JI oJufc l^Jl^j 



: 1uijJui\ 2«&iN j»U>? g2j3t tf»JI 

: ^JLjJL^d 4X.JJ.4 4-iJJjJu 4 <^~*. JO ^_ 4-u_Sj>JI CjIjL^C ^ic C-tJjJuJI *UJ 
A-XjLjj^^=JI jo^LulJIj 4^3>L-a]| CjUIj^J : i Jj^\ 3 Jl^jJI 
4-4jL2JUj C-Jj-oil j J4H^' o-"W^ *3^H : ^-f-*^' 3 Jl^jJI 

j^tilit jLlJt j^tjj : SjuIjJI 3 Jl2wjJ1 
L^LS-Liiajj cjI jl^jJl! : 4-<_4jucL>JI 3 Jl^jJI 

aUcJLJI dluSj ^-ptJbJI CjljL^a : 4-<^oLcaJl 3 Jl^jJI 

4j^Jl*JI 4 otViVl : 4juL_oJ1 3jL2wjJI 

j^oTLLduyj I IpJ I t 4j_^uJl 3jL>wjJ| 

ij L>J» I j*-p G j ^Iu-uj^j I j>j : 3j^uul 3jl>wjj| 
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1 



i_<-<-uL>J) 4jLllo 



4_uLj^^=lII juLoLulJIj 4_A^L-aJI CjUIj^I 


















a ^^ 6 : Sdb>jll ^Uj V {S>a» C(Sy I 







J_aL*JI ^.LSj (^J^. jl^-L-o^ <_P-J! (JjL <-ujJI J-^ aI ju?tiL<_ul J_-qjlJI ^j^dL^Ij ^jijjJI !§_ 4-a^L-oJI 4 A^-n ^y-ju 

.4J_iU3 jl ij^IaJ 3 j Liar*. 4J| ^-lJLscILc 4 7r j^r j^tj *_xisjj| ^_ J-^JUl ^jL^auCJ 

^j-tuc^Ll-5i ij?&_pj (j\jz jLJtTLLrjL<y.U jj-^ (^1 cjjJlj^ (JLCo^I c-JjskTl! 2 < ^ < ^ ^ t i 1 ^^—^\ A £— &J-fr>. V I £-±Jjfi • 1 

.4-JjLc 4-LiiaJ 4-JLU-4 ^jjp^-nl ^jlj 4 4-X^L^d Cjlj.jq-4 JjtJ^J Cj-cu-uLLc J^3luIoJ J-^JtJI CjVjLU fJi}^ -^ 

.i-u-uLUI (^J-Sit CJIJ CjIj^jl^JL! *-*-^J J < 4-4^L<-aJ! *_to!^j3 a I jLJtTn-o I .4 

^Lj^^jl oM-ii^jiilj ^t\i ,„Vi jj^ .6 

.4-lI^. 4-tijjJI ^j$S5tLj-ujj$ c-xjjjuj cCjuVIj Sj^j^^U 4-u-uuJu pljjVlj J^j^sJu (Jul^ ^LLtoj ALkaj -ij^J • O 

.a^_JI (jljls 4^3-*-^ ^JO-^ ^>jj M<r ^Jljj^ 4-tijjjl 3jlj^>^ ^^J-^ **-^i • 1 ^ 

. J-<^JlJI (jL^=3 4 I§_ (^J> t-a^=3jV| Ju JUStjJ 4-tijjJI 4Jl^J . 1 1 

Axj^^^W ^JjLjlJI 4jJl^V|j i-jSI^JI <j-aJ>UI aIjlJcIlJ .12 

.S^IjJiiJ J-^-i-uJ 7c_A-olj ^jL^3uC ^_ 4-4^L<-aJI Jt£.l^j3 4j?tJ V *-*-^J • 1 -3 













jUjVI (tut? ^k uUIjIUIj jLulIIj JL^I jLjI 



4_Sjjis !§_ ^—Laio LaJ^t£.j J—^jlJIj 4-_aL*JI 4_ jLp* !§_ 5_uLj^^aJt aUbLLJI ^j—A ^jl f n jVI jLjiltoi j 
jLpJI JJu-JZ (j-C 4-j>oLlJI 4-jLi^VI Sjj_Uiw lJlj3jHjj .^jL-cljVI (^-ic JJ-^ <— *ti OJ-^ 31 ^ L-£^ L^al JLJelLt-tjl 

.( -^-^p-4 Jl j^Iu-tjL^ ) ^Ljj^^aJI jLp-JI f^J .Z 

.4-ujlUjJ1 g-1 f>>r ^lj 



j<iT(nlljLuJI 


AtfMjLtfM 




j» 


4_J ^-t-LUJ Z 


* A t ^s VI * t ^ «A^ ^jl A-^ \ jj# ,~ tl a *t, i \ 


1.5 -0.06 


1 


4_J ^-t-LUJ Z 


l"\M *>»#U ^tjA^^ ^j^l^ 


3-2 
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BjIj^JLj j^-i 




10-5 


3 






25 -15 


4 


^j-oAZLjI 4-1JJLLOJ Cj^LuaJUl ^y^\7l" 




50 -25 


5 


qh s*TA\ L ^J~ 


LjLl>.| sLsjil ^jjj c_<iKI ^LlL^j ^_ J>Ll^l 


100 -50 


6 


BLSjJI CjjJljw 


SLSjJI CJjJlJWj (J-<3-*JI (J-C <■ -tlrttl lJl^jj 


200 -100 


7 


BLsjJI CJjJl». 


l As>\\ 2\ts\%\ *\\ ^j^l^j 7>. i \, i /*:« JS)j^-w 


200 
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4 (j\ (a 1V1 rt-ujL.^ 4_4jL2jL (^^-l^Ljj PT^J-^ -^*-^ji ^^-^ ^-^-dJ^' Cp~^' *LhP ^ =3L ^' <— *L>*^ > o|j -Lr^ »J^ 



. *W - r jL > JI (JJJ • 1 
.4 L?euLaJI /jL-ojVI 4-JL>. .3 

** * ^^ ?• 

.4 uouiltl /jl mmVI 4-JL>. .5 

o^l £J>K? lLp° j-^j-^ -9 

j^ 3 J ^ r'JlP^ ^J * 4-4jL2-4 ^jL-ajVI /Q-ujL*. 4-4jL2_4 (j| CLcLul c_JjL?cI(Jl (jl_3 J-^IjjlJ! 0Jl& (^^i^- £-^J 

LajLi^. 4 jjbj^aJl ^Lajbua tl CU Jl^>oj .<jLp*Vl ^ au 4- J-23 jf ^Sy J^J Ajf 1 0000 J I aj? 1 000 ^ 

.4_4JUj^^3j| Sj^Jl Jul (J <Ti^—* \\ £^£>. C (jL-tuVI rt-LOT*. ^_ ^^Uj^^aJI jLp-Jl J^ 

- )LpJl ojui 

. AC '-*-^h-a 'jLp .2 







^LuLj^^aJl 3j^l jJI *-LLl a| JLscIujI .5 

.iJjLtJI ajjl^VIj i-ul^jJt ^j-ojMJLI aIjlscIujI .6 

.( ^-L^jVL JxL^JjJI ) ^)iaJjGj| . / 

j^c-i Vj J-i^jJu cllL-ai! J^Li* J^-^ J4p-^' ^H 5 -^ 3 (J*^^ *"^- 4 1>°J^' L^i J^^' C**-*-*^ (J-^ ci.LLt-o Jj-l^jj ^)-^ J^V 













f l/tf I i>u^ (^u2j £Jj*J 



uLfrdaJ 


*jl ^L2 : AxU uj>d21l (d tfitf! epU)J^I ^L^l H 


( <r\^\ CLJ2jf J-A) ^l_^l ^jlm* 


)uUDLJJLj\ 


lll^l 


Lh3^ 


V 






















(jL-OJ VI /Q-loTW ^^- jLpJIj Jl^j>JI jLjT <L3j^*-4 ~Z 










^jL_aJZl ^tu>. 4-4jL2_4 <L3j^*-4 ~D 












j^^C L^J! J! ^jJL^aJI ^jLSjVI 4jvj_i ^Jl Sjj^sjJLl -ij^-JI *_l$j>J 4j?e_Lli!l J-^aJ (Jl <— oo 
e_)jJuU 3 JlC L-o^J l£j^> SjuC ^' Hiiil 1 J^ cr^- 
















/ 


/ t 7c_J ^Lul t c^ }JL<_\! /<^_lu! 


3 2 1 


: 4-UL>JLl : c_j ^Jull ^ ^ 




J? ta "^-* ' ^V/ l_n-LJ\ I C >J ~~V 

4 

: l*%*]\ 




cjL>.jjJI fj-^c^ ^ ZoO J-^Laj La : (^jjVI jl>JI 

CjL>wj JlJI fj-^t^a <j_a / 1 00 J-^Lsu La : (ji^Vl JL>JI 


•IsLLJI 


^uu_2jj! jjJj 




Cj[^lL?cJlIj ^jI/jjJI A- 4_4^^<-aJl CjL^jJjuj lLc.Ij.Sj ^LlSjJI ~ 1 




aAjlSlJj l^A^^Wj 2 A\ \j ^^-^\\ 2)"*.~,\\ Ir l *j*~ - /< 




^jL-OjVl ^-LfJL>> ^jjLl jLpJIj J^>JI jijT (^^i^. <— 3j**J ~ $ 




(JU-OJ VI rt-LOT*. 4-4jL2_4 (^^- ^j^ ~4 




4-uL>j^^=JI 4-rtJu-^Jl Ju-o 4-jL^>JI (Jj^ c^^- ^J^ ~5 




£>^>Jlt 



Cj LIo jj?cJLc 
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J) 
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C-C(-uL>J) 4jLllo 



4_ajLSJLij c-Jj-oJI j jLj^JI o- *-^ ^>^H 
















.4-^jLSJLl j jLp-M J Jl^jJI O-"*-^ *>^H (JL<^tTn-ul £>^ c-jjJuJLl ^j-^=l^Uj <j) 



^^ 8 : 3db»jll j»Uj V g2>U) tfjll 













U *L>JI 2_ i-uLj^^ iJb^i o^d^ i' ^j^ ( Electric Current )^ J6 ^\\ jLUL j^j 

Aulsx-uj) 4-jJU_u 4_L^t-cIi ia( (j iQJ juJ 1 4jj^_tTo ) <*uu>* j-^a 4-L^iL i <La )Lh ^^^""^ J) Aulss-ujj} £)_£ ^jLCjJ jL>*aja 
. _iLuaJj 0L>iJ2l ^_ AJ^L-tL^ 4-JL-u iJbt-tlL qvjj^uu /^L^aJ La ^L>ol ^_ i-c>*j_4 <Lbs_tlL ^Lj^^jV^j^L^aJVI 
!§_ S^Ijj ^£? 4-JL-oJI iistAJI I§_ Ij^eX. J^ Luq^j L^^Ijj ciJpj La ^jL^a-A !§_ 4-lJL.u 4 ixii Jl 7Tn\ q$ <^J^J 



t Direct current >«L4!jLul! -1 



I(mA) 



_^ T(s) 



{Alternating current wjUtjLult -2 
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: kLcBiljUD! -3 



*— r* — -^ — ** — A 

t \i si \i \i \ 

I » v « v v 



.(5-JL-u jl 4-c^j.^ 5-^_lSj La} qj'^j) ^L>oV! aIuuJi 4-^-l2J! ^-j^^jlLIj jLp-51 j-& 



. (1) j^cjJIj Li jwCjj^j j^XjL^Vi ^-g-itij S jl>.^j jLp-51 ^j-wLSj 



ii 













Electric Voltage 



^U^IJ^I^m 




: ^jL£ 4_d£.j ^>>A>^ / a ^m ^e-La-fqj v^^p^ -D ^uVI ^1} *_<2Jjw<3 ^.Ltl ?cla^u <*l*_p*A 
jisLiJ u (fi( JL^>JI (3j^) *UI (j^t^Mi (>U (Jj-iil -*L^j S- 0-aj-<-uJ (J pJI iiejuaJll Let B Jl A ^.LjVI £>* 

. (Volt) 
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: DCj«mi» 0*>Jl -1 

j^Iu-uJLl jLp-JI CjI jJj-4J 4_LujL3-La]| Lj^L>JIj rt^=a\jX\j 



Va 



- t 



: AC jjpxi j*»JI -2 




. JJpJLl jLp-M (*4>^ 



*r ^ — ^ — *t — A 

I \l \l M \l \ 

I " « « " v 
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Electric Resistance ^Uj^ll^UIl 

JjjjtUj ^pJI ( J fl >J I ) 4jl^IjJI AjbLLJI CjLjj^I^JVI JiILaj (j-Ut-a jL*-*^ J^^ lt^J"^ 31 ^ jW-^' j^ L^J^l 
J^j^io ^_ 4-4jL2_4 ^j_a ( jLpJi jL-tJuc) J-x^j-tl 4jJl>o Lcj tiJuj j^ < r(<?1 ^j^aucjj Sjlj^^ ^J| L^-kajL^ 

. (i2)j^3jJlj Ljj y^ju (Ohm) ^^\ *^*^ i^jLitl i*.^ ^LSj 
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( JUj^J\ jLul! ^LtajL^ j»IJ£ug| 



. 4_4jL2Jllj Jl£j>JIj jLp-JI (j-^ J-^ 3 U-"4-^ <*J^ (j^ljx. VI ^JljlLc jL^-^ J-& 



^jJJLDiu^Jj^e 



jUi^ ?aA ^r\^ 



0.00 



c 



:s^ 




^^T^ .- ..- ■■ »..1!. l ^l.], I 







■^ 



jLuJI (j^Lj^ TtjjjG (jj-l^. 4.<.bg> j ,* . .' Q "J^** 1 u' ^d>^ l^l- 4 ^J^" - A 
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(c-xJL-ail) _ij-<-u 2 1 ^j-tL>JLl L-SjJ&J 4-4jL2Jtl ei&ljJol jL>*Lj (c-xJ^j-tl) j*^>* 2 1 ^j-tL>JLl L-£jJ& ^j-ti^ij ^J-Sj ^J 



i 



I W^ 




I 



b rooi 



fej^ifegeVty! 
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jLpJI ^j-uLtiJ jl^j^j Jl^>J| ^j-uLl2j jl^j^j Sj^jlLc 4-4jL2_4j j^jlLc j J r^a ^j_a 4j^^=u<3 4-ajLjj^^d ^H>-* ^r 




(1 -2)J^i 

.jLpji Jui^ 4-4jL2Ju 4-^j-S CjLuj Jl^j>J| 3^u^j ~ 1 
.jLpJI JJ2J Jl^>J| oLuj 4-ajL2JL! 3^u^j ~Z 



V=IxR volt 

(V) cJj^JLj o-"^i ^Ijjfl^JI jl^>JI ^U-ii " V" 

V = IxR & I = V/R & R = V/I 
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*_>j 4_ L^lSJu (^jJt ^ J£? Mi-i Jjuj icL-u < r? i^\ 4_ (i^L-JLl) JjjjlII J} oj^il {y* L^jJii^ (50) JJLb 

.4-C.L-u 

♦♦(Electric Power )^Uj^£1I3>j£1I 

_>Jtrta £>*) 4- (B) SUSitl ^J) (A) 4-taiill ^ ( C[ ) iJbtui dL^tl! (W) JjJ^dl JtM.tl jl JlI* jj* 

P = — w 

y- ^'J l>" 3J> L$^ IJQ^=3 > nVl aJuuI ^j| 4-u-oj CjIjjI SJl>^jj ^uLSjj 

(JyJjj^JI SJl^^j ^j-uL2jj (Jjju-tl JjLiJI jjfc : W :<jj ^-^p* 
(o ) 4»4jujLj (JojL2jj ^j-^jji j-A : t 
(W)j^jJL> L^J j-aju (Watt) Ciiyi 3 jlxjj ^LSjj SjJlUI ^ : P 

W=IVT...J(w.t) 
w 

— = jv 
t 

P=I.V Watt 

(K.W.H) icL-u Oljjlj^itl ^j ^Ijj^^itl Jiuli] (Jji^f CjI Jl^j dJLJLlA 

.cj^lLk 10 jjk 4-c.L-u cjIjJL^=lJI j^t-t-u ^jLj L^JLc icL-u 100 3jJl cJ|^ 110 aj^ ^u-^ 



18 












:J-il 



W=Vx I x t 

i? 110 

P=IV=1 10x1=1 10W 

W=P.T=1 10x100 
=11000W.H 
=HK.w.H 

cUM^l^V!^ =11x10=110 ilU 



tjLpJI (- iujl>Q t Vjl 



}JlSJ1 L, CLOT^O : Luu 



JjLulJl L, iloJ>iJ t uJu 



4 al^qjJI c-jLujl^: LajIj 



19 







CjLl^-loJ ^JJj^-lLlI 1 ALa>il j^LuJJ idJQita ^H4 J d^~^ CjLl^-luJ 4jjj^.lLlI I aLuln 2 1 C-JjLscIu □ 

( )a_xjLjj^^3JI iistAJI <j-"W^ ^3^=^ ^^^3 CjI Jl^jJLJ ^LaJI aLI^lJI !§_ a Jiirl < uj □ 

( ) .4_i3 jLaIJI O-"^ -*LA' J t^UW x-A (^jljlJlj ^Lij^^aJI jLflJI o-"^ a 

4_<-uLaj3 SJl^j j^d^Ij ^Lj^^aJI Jl^>JI <-^j-C »-3(j-" 

Scj^LL* 5 j-a 4-c.L-u cjIj jJL^=JI j-t-t-u ^jL UJLl icL-u 100 3jJl cJ^ 110 ^jj> 
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f l/tf I i>u^ (^u2j £Jj*J 



L^ULS:j 3JL^jJ(j ^^^^^^ ^d>^^< i> ^MIjV( JLsu ^ll^j ^L^^J ^^JL^Xt J^ 4>i Lui3 



uUd*J 

a Lai ( \) 4-4^Lc *_a-ojj tiJ-Jjj i Sjj^3,*m j-l^LulJI j^j f^ Jr J-^3 lLju ^pljiJI ^_u-SjJI 
£jL>JI 2_ 4-a}L*JI *_a^ J nUllt 4 o^U 4-jJjIS aJl^. 5JL>. H_j 4 41123 f (^JlJI *\^\ ^jIlujO 


^jtftlj Oljijllj jUU! ^U2 3j-«H : Ad* yj)d£ll (6 ^1 e*^» ^L^l! H 


( ^1 jVt CLJ2jf J-A) ^1 jVt (^jlu-CLA 


^u^Luu! 


lll^l 


Lhj^ 


V 












^_^p-tlj j^IL-JLl jLtlil (j-^L^ ~1 










^^pJLlj j^lu-JLl jl^>JI ( joiLS _ z 










4-ijLjj^^=JI 4-ajUUI <j-uLi^ - 3 










ajI (JJ-»L^ ( 3_lSj>iJ ~4 










o! 9 Jul ^ 3 s a Sis! 3^l2JI f u <<i^ — !* 


2 A\ *j q^— » tl 


C-JjjJLl 3 JlC L-O^J (^J^l 3jw<3 J^L^jlHI 1 JlA <^i^ 
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( djIJL^Id^j^iy^ )^l:^li^^(^LUJ^:^j 



Uj-Ul ijjjij j£ £J>U1I IfaU LUJ 



/ 


/ t ?C_J S Qj 1 t U_J N jG \ I (§ ( (I 1 


3 2 1 


: ^J^L^lII : <_s v ClII ^ \ 




4 
: ^>UJI 




CjL>*jJlJI £j-*^3 ^ /80 J-^Lftj La : (^JjVl Jl>JI 


.luui 


^ < < TTi 1 1 Nam 




*"Mj- ~'^MJ (J~JJ^ ^ ^ A ' ' ' ^ J ' lr 'J^ * l <^tt -1 




Lse_pe-i^ >Lll£>^J Aj^jsejjI J_u-^^J ~ A 




tcjLuJI jl^IsIj 4-)jj?tI(Jl J_(-i-tTuJ ~D 




^jlliJI 4 mi^LLo ~4 




c_jLJ1 4jL^J 4Jl^f ^L^i ~5 




t^L\ 



cjIIojj?&JLc 
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^ 



2 



i_<-<-uL>J) 4jLllo 



j-alu-tJLi jLlHI j^'j-^ 




A-xjLjj^^d Sj>jI J ^r 4jl^tl 4-4jL2Jllj _^^>Jlj CjljLpJI <j-"Lf^ 

.Sj^l jJI fj^l £-^>* 12- j^>JIj CjljLpJI c_jjjuJLl (j>n<7j <j? .Z 

.3j*jI JlJI pj-M f-£^* 4r ^4^= 3L ^( 4-^jLSJLlj ^j-^j>JIj CjljLpJI c-jL-tjL^ c-JjJuJLl • jlaj < uj £)) .J 

.A-XjLjj^^aJI SjJlSJI C_JjJuJLl (-■ <-ujL>iJ <j| .4 
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t( Series )^liill^uUjL2ilJ^>i .1 



RT 


I -$=» 




LrJte 




I <=• 




v = 


* 


" 


J 

V 3 


r Rl 






% h, v 

i 


ttilitl SJLIJI - v 






^JLHTI^^Jt— >Uf-1 





. Ijl^=l&j 4-tjLjJI 4-4jL2Jll AjIJu *-a 4 I r *aj a 
I^Vl^a L^J ^ j a <— <-lxu>iJ (Xvy) i^L^auC 3 jL^lj 4-djlJL^J Cj^GJI CjLajL2JLl J! JllL-uI ^j*^ < *J 

Ivr = iv 1 ~^iV2+iV3 + . . . iv n 



: (Parallel) ^!>tl! ^k uUjtft! J^>3 -2 



R= 



i,l 






*S 



JilliLf SjiJ Jl - w 



tfiUJl^jU^l-T 



# T = 



I = Ii + I 2 :6i^ 

1111 

+ — + — + 



i?! i? 2 R 3 R n 
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tuSj^l JdU^Ill .2 




t^VI *_ul 4-ti^=JI i^jLitl c-jL-oj>J 

(Rl I) 7C-J U2UJ ^Ijlll (JT 1^. ( 1X551X451X3) 4-AjLltl £-<^>0 "1 

(RT2) zr ^\ ^j\^\ Jjl (R 2 ) y (RT1) ^jUUl ^^o -2 
.Sj^l jJLJ Uf^JI iajUXI ^ J^^ii ^IjUl ^ (Ri) ^ (RT2) ^jiai j-^u -3 

.L^JLc <L>*jL>iJi oljLpJl pj-^?E-4 (^jL-uj Sjui^. ^Ji 5JLiwi jJI cjijLpJ! pj-<^?e^3 ^j] (jyi^- o-^y 




i 1 =i 2 +i 3 +i 4 

I 1 -I 2 -I 3 -I 4 = 

: J>#U ^jlil! A»£jgS JiJQ 

V=V!+V 2 +V 3 
V-V r V 2 -V 3 =0 
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. ( W ) CjIj-JI ^^ BjJlSJI (j-^Lf^ 3Jl^jj 
: (^jL-uj 3jJl2j! 

P = Ix v 

P = I 2 x R 
P = V 2 / R 
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CAPACITOR 



(JjLc < t^> m)J 1 o (3 m Jl^jjj (_ij^IL^=JVI j] ^jJulII 7-jJJLj)L^JLc J-^s cSj^u (^JL^>j-4 £)-4 ( al^a tl <j^ 



^ 



( dJL^Ij^JI - 1^-ijt.l - Ajlum%J\ - j^Jl - ^ij^l) Ji* 



- ^^U <JL^^J1 



y^ J;U 




V*}U^M j^l $ 



U 






IjLs cjLjj^I^lJVI £>* L )iajL^ ^jle. c-JL-oil Cj-cU-ULj J-x^>jJLl ^^iJI (^jIL>ij L^j (cjljj^iJI I2_ B^Ijj) c-^jJLI 

L^jjJLl I ^ j Laj c_JjL>iJ 3^j3 ^-colj (c-xJL-u j^tj c-x^j.^ < da^) (jQJj?tt. ujJ 1 l^^Lu^i (jL^ Jl^j>J| jJbLga^g J Lga^ ^j 
C-Jj^ujTuu 4Jj^.lo.U 4-ijJ^_ajj| ^JuLju 4Ja_dIL>iJl I 4 fljrt H 7c^-<-uJJ 4 4-ijJ^_ajj| 4-4jL2Jll 4-^_l2J 1 7t \V> aLj| 3ji£. 

r jwcjJL) 4J jwcj^jj iju-oil (j-^Lf^ ^^^j j-^ jIjLAJIj (C)jwcjJLj 

.jJ! l^-ijUj. 
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' V<^— itl 4_t_i_u J-lATlJ ll. _!■>>■) £ flJ_L*IlI,l 7-!jJVI (j-* 5 icj-*^aj 4jJU T"'j-J( icj^jStA (jj° ill! * I nil Sj_JlI<s 

.aJ^IjGI! ^-lyVl cjj-uS U^ 



J^J' *> & 








ijiai o-'v 11 " -*-»> *^ 
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:L£4IJ}UolJoLd&l .5 

J^Jljbj *_4 1^-ijtl Jjiwljuj .4-cajLsElLc <*u2jl£j f IjJl ^JJ ^-Lfi-U j^La-JuJ £)f ^J-^3UCJ (jjL*-4 j_& l^-i jtl 

x ^*NJ}Ul!ulJijLfl&! .6 

. 4-tSjJw c— x-uLj|j 7-|ju3|j ^^Ijjb^ iLLSllI 0JJ>*jJI (J^3 4-ljJuua 4_l1Io (^^JLc CjI cTt^—i\\ OJJt> (^£jIL>iJ 

. 4_^jJkJ| 4-xj^.u^M CjLi!t^=m p l^jf jL2wf UJ^ajJ (jrJLlit J^=lA]| lTUJ^ 



v lLsyt J\ o)L-jJ1 







*-*> V** 1 






^3^" C^J^' < rtl^-it *. Una 



IJL3 4-uIa-2jl tc-ljejl^ UJ'^'J (J'J ^ V L^ljJsl ^/U Jl^j>J| (3j^ o' Lt^*"^ * ^ J ^ ' " * djLalt^auC 
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. ^jLpw^l (j^ju I2_ JujLti lJlIajj BjL^jJI p JLlqj ^} J^l JlJI ^_ jJjUtl 
A^ltVl <j| Jl^J 4j| V} (^Jlu-o^djI g. LluAj Sj^Il^d (j_iL*-4 4-lUju ^j-^3uc| 4j 1 £)-£ ^-C.jJL)j I Jl& 

. ^A joj^sJ) < Cli£=z U Cj^L^tlmV ^3lj^ ^j-LrjL^I ^jlj^-kaJ a^LujjIj 
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f 
























i 


C = 


+Q 
% 


V 




■Kb 

: Q 3 


c 2 = 


+Q 2 

*Q 2 


c 2 = 


- +Ql 


V 

k 1_ 




"^ D 






1 






t^ljlll ^ Ol fl^n U J^>JJ .2 




1111 1 

— = — + — + — + — 



c t c 1 c 2 c 3 



en 
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^j-uLl2JLI £)-4 77jL>Jl (J-JL2J1 jLp-51 (jL^ i-jj^ajJlj ^)j?t_xlJ! ^Jt < dlt^a 1. 1 4-<Lttoj £)) l-^J ^jLi^-i^a 11 < aui£=y gJJ 

£< La J J pJJ*.jJI ^_ J^J-tl 3j^j| IJL-U ^J jII^dI J^jLl^JI 4^2_2j 0L>O JJULijX,} L-3j*J>iJ! ljULi^=D i CLi£=2 U 4JU-U C-tJL^D 

.IjLL^ ( ?T*i^nU QJ^nj <^J^J (JU-jJI 4_p*LJ) A-xj|JluVI ciJj^tlJI SU^^pj 

da %3 CjI al^a 1. 1 ^j-uLii] jILpa^Vl (^t^- ^- 4_iaj9j 4-a^L>. ^ja/L^ 3j^j>*1 J^^p I ^ <: "~ > 
I jl_3 ( JH^ntl Ct JLl jILpaj^l L^ljiof J-x^^jj X1R (JT ic (^JlII J-*-^ CjI^^ U IL. j <^r?fl ^j-uL-SJj 
lJiJLj < au^=2 U ^jLs 4-ajlJLjLJ S^-ljjb ^Ur 1 ^j}j ^-i.Lt-0 < ^1^-n tl <jl (^^ic (J^-* 1^4^ ^hh!^ 3 ^jL2-^ LjI Ur 1 

uUU! 
COIL 

. \j ht^ (^jL-uj 4lLcjL2-^ ^j^^3lj £)) ^opluaj (^Ulx (Jj-Laj ci.LLt-u z j jjfc La cJiitl 
JlUr I c.cic.1 (j[ j} -f^h^-" ( ^W (jl ^^i^. lM^ IjlAj L^-x^jJs (^_j i>3jLS-^ ^Utl tiJJjJ A-JllLa C<-<-u-J ^j-coJLj 
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t2j>lult*jitdklt 



-HLo 



JJ^ 



oV 



F1 ! Default 



-^3- 



SW1 



■=- V1 12.0 



c^- 



x 
CD 



J-*- 4 - 



( Fuse ) ajUtJjj^^^ 
.(50x50),^^ 
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.jo^LlslJI (>u i-u-uLltl CjL-uLULj 1 j^U^j IJli^ dJ^L-u^M Jui i_JU^. I Jul .3 

.4-<uIj3 LjIjjJI ^jj^=lJ £)) daj>» * t 3jul JlJI jo-^Lt£. (j-U ciJ}L<-u2l ^J-u-^jIu ^ .4 

.(clips ) C4j!oll j^Lui^j c£l>LuiVi c^j .5 

.J^LutJI (J^J dJ>L-uVl L-Sljlof J-*^j -6 

.( jILia AJ) ) 4-ajLa.H (j-t>Lf^ jL^>o SjuljJI CjM^u^>jj j^ltiwl ./ 

.3jul JlJI Jjt iiil !§_ c_Jjjdl (jjtlu-ul .8 

lilH^vlj (^t-51 CjLjjju-^JIj J-<^aJI J jam Cjlj-Uiw ^j_a 4UJU-C L^-C ^L^e^a Ij^jjJij c-Jl^dI . 1 U 

.^L^tj^Sj^tjJt^jUt ( DjLsJI .1 

.(on ) J-^rJl ^JU 4. £lu^x\ a.jia ^ ( VI ) ju->ji .2 

.(off )^L^Vi^u^ c u^t(4. J i^ L ^( V2) ju->ji .3 
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t^Lull 
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V=30V jju^tl j^ u^j R=20Q 







R 


















i 








2R 




i 
















3R 





V=30V jj^U j^ u^ 3 R=100ft 




V=20V j ju^ii 

















1 


AH 










$ 


2R 

) 


rh 


2R 

) 
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SSjjuLli ^j-uLi^ jL^^ uj^~"^~j c^-^J • SjjJiJI ^-^j^- »4^j-u 



S ( dl^=3 tl L-x^ajJJ *&-4 t J 



^<3 : ~>(j-u 



S (ju/LSj I^L^J . A-XjLjj^^JI 4 + r rifl <— 3j-C ^O^j-u 



S < klj^aj (JjuLlm) {C,\ cr^-J • *-- " ^^""^1 f-tj-jT .iJic : /^j-u 
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( djlJL*! I d^LH i>u^ ) f liVl i>u^ (4£uD £Jj*J 



L^ULS:j 3JL^jJ(j ^^^^^^ ^d>^^< i> ^MIjV( JLsu ^ll^j ^L^^J ^^JL^Xt J^ 4> Lui3 



uUd*J 

\\ A J I ^^-i| aU /,<)j w^l^lj, i^j <*1 , «*\ p i** a~U~t| X, l-^jt| . Ir ( ,jj, Tit) ^ a A q)\x\ , l* t 

a Lai ( \ ) 4-4^Lc *_a-ojj tiJ-Jij i Sjj^s,*m j-l^LljlJI j^j i^i *(C J-^ 3 ^^t_) ^1 JlJI ^-U-SjJI 

4jL>JI 2_ 4^c>LaLil *^is J "Wilt 4 o^U 4-jJjIS aJI£, aJL>. H-j 4 41123 f (^JlJI *l-^l ^jIlujO 

dJLJju aU^L>Jl 


aujfr^:^i^i>iM^ 


( ^1 jVt CLJ2jf J-A) ^1 jVt (^jlu-CLA 


^u^Luu! 


lll^-l 


Lhj^ 


V 










































CjLajLSJLl I§_ S^j-S-iil SjJlSJI i-jLujl*. .4 










c^j-tl^, l^=3 ^jjjIjS (j < < LaJ .J 


j^^C L^Jl J! ^l^—> tl ^jLSjVI 4j>*j_i ^J\ Sjj^dJlII -^jJljJI *_l*j>J 4j5e_uJj| J-*-^J £)) C-xJ>0 
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f liVl i>u^ (^u2j £Jj*J 



UjJUl (JJjJj j£ £Jj*il! liiA LutJ 



/ 


/ t 7c_J ^Lu! t c^ }JL<_\! /<^_Lu! 


3 2 1 


: 4JjL>JLl : ojJuJlI ^j 




4 

: l^%^\ 




cjL^jjJI fj-^c^ £>* /80 J-^Laj La : (^j-iVl Jl>JI 

CjL>*j JlJI fj-^t^a <j_a / 1 00 J-^Lsu L* : (^J^-Vl JL>JI 


•IsLLJI 


rt ( \ Sj m JjJb 




Cj[^lL?cJlIj ^jI/jjJI A- <LO^<-aJl CjL^jJjuj JlC.Ij.2j Ju-SjJI ~ 1 




L?e_pe-L^ ^Lll^> $j <U>jseI<j1 J_u-^ $j ~.Z 




^-JLLu! jL^lijj 4-)jj?cI(J! ^J-Lt-LuJ ~J) 




J^SlUll 4 mi^LLo ~4 




cjLJI 5-jUj illi-u? ijLxl -j 




£$***! 



CjLIojj?eJL 



39 




-cvirnp ll ii ijnl llq -cv'i nil pilnlll nnlnlln TqH 

gULUI ^iaJj i^ttll 2UU1I SjbVI 



X 






4 



C-c(-uL>J) 4jLllo 



>^l J^^lj^ 







. j^JuJLl jLp-JI J-^J-* 4r J^*-^ J ^4^' L>"W^ ^J"6^' (JLoJU-Ldut £)-4 c-JjJuJLl ^j^3L^Uj £)) 

. J^sull jW^' J^'j J lW^ (jr^- L)-^ MJ ^' o^ 3 ^ 6^ 
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. 4jjLC a| 4jLl^ 9-a 4_uIL a| 4jLl^ 9^3 /—A (J_& 3_iUu ^ ♦j Lk3 _ijL>o 






.(Crystal) Sj^JL 



^-u xJ 



3jJ ^)-^ OJ-^ 3 -^ 0.5^' ^^4^ ^^^J Ol **^P* Cj^L^jJj ^LuI/V Li£.Ljj LjjjAj 1 j j^ij>j (J^J ^JLjj! a-uujJ)j 



Valence electrons 




Covalent 
bonds 



Cj^Lx^jJL! ^LuI/I SjjJLj 4-^=l-uI/ 
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J^l^-iMl CjLjjP^=JI (^nn^nl 300 K i^jJLtl 3jlj^ 4-^j.i Jl 3jjJLJ1 3jlj^ 4-^j.i f-L^Sji ^£.J • <jr^' 



4 j'^j~ 3 _^Lji^J cj^Li^j-tl ^LuiV c-xJij-iJl i^L-bj cl<-^j <jJJjJj . 1j^>* Sj^ju^ j^-uju 



44_w__4£n 

3' 



• fj) • I • £i) • J • (+4) . 



Electron 




• 1+4) • 



h 



Cj-Ulj-tl/ 4-^Ll^L jl j-31 ^dl 4-4_<_uLci* Cj-tJlj-tl/ 4^L-oLj tiJ-jij 4 \7i Jul Cj^Lx^j-ll ^Luil 4-JL^j_4 2_iUj ^j-^=uCJ 

.a^Lcj^JI j I ;JJ^~~ i u < aJ) £)-4 Sji ^j-JLc J^aJ 3jJ 4-^Ll^JLI <_-tJ I j-tfo] I 



( n-type semiconductor ) n- £$j > u%*>a *Uui - 1 

*J^ O^ (^Q-AL-oJIJI da_j|jI(JI 4 jl <;r Jl^£. Jl-5Ij (jj^p_^=JJ _}j_j>*jJ dJLJjj A-lsLi-oI 4-JL^>j-4 cu-uj "^~^lJ J_x^j-ll 
S^LII CjIjJ ^JljlJ LjjL-tiwC Lk^jL^. ^jj_^3lJ 3j^j>JI CjLjj^IL^aJVI ^j_^ i-u^aj-^ 4JL)L_oJl 4-JUjtl! 4j?&-l1I^dJ 
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donor impurity i^Ul 

. ^^jL-Jj^^aJI (J-u-^jjJI 4 jl <;r I2_ dJ^lA-J 4_ujl3J>J 1 L^jLjJ^IL^aJl £)-4 LjJ^IL^aJI 4-ijLlaJl SjjJI TcJL^J <^-^p^ 









Free 
electron 



• (+4) • * (+5) • 



/ 



Penta- 
valent 
atom 



i.i 



• (+41 • . (+4) • 



[+4J 

• 



* (+4) • 



M h H 



n p^j s jLU 3jjl> 4 ^3 j a 

t ( p- type semiconductor ) p- £$j > u^^l *Uwl -2 

A^uLaj^>JI j] ^jj^aJLu-aJl 3_iLa JJ CjLjj^IL^aJl Aj^Lj ^JLc j^iiw^l L&jl Jl4 I2_ ^jIL>iJ c-ajIj-Jj 4-^Ll^J Ju£. 
L^JLj 4 j<; ^L-uJ dajljj^J a^uL<3j^>JI jl (JJ^jAju-oI I CjIjJ *_4 « U Mj>J 4-uLlaJl S^LJJ 4jMill CjLjJ^IL^aJ 2 I ^jLs 

3jjJl £)_4 ^jj^IL^3l1} c, < < u!I^=3lj LaJu^. rlOle 2j^3 ^jj^=ij ^1| ^J^|_j Lq-4 4JL^L^=u<a j^-C 4ju1jJ1 4-LajljJl ^ 2 p 

Acceptor i^L^Jl ^jIj-oJLj ^^ni dUjJj . ^uUj^ji /\ oy=JLalj ^ijJl 



J-!_W_W 



+4 Al 



• C +4 ) • • C +4 ) * 

hi" — Trr* 



Trivalent 
/atom 






/. 



I Unfilled^ 
bond 1Q1 



/-I 



\*l 



• (+4) • 



n h /-r 
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The p-n Junction Diode ( p-n ) 2uL*jJI <^Uj 

jl ^jj^=JL-<-u) (^^-S-» <J-i-^j-4 4_uIL 3_iLc ^)-^ ^L-^ILcj Aj^L^I SjjJu (^^i^. V-ijJl Jul) p~n 4JL^jJI ^-il-JJ (JJ,^~~^ "^ (*-y 
.4jjduL^3 Cj-ul 9-JoJ y>* 21 ^Aj>J1 p *k\0 <L>jL4 c^I 9-loj BjjJujI 0jL& £.1 ^V^t Jl^^I rt *l^> (a^-uLsw^ 

cjLLl^JI J^3 s- Luis (J j L^-iju J-^jJll 4-Lii 2^U (^j^LJI ^LlJI 4_ 4j jIj^L-uVI aji£. jV p p^j 3^U 12.^ >ba 

^j^^au c-x-i^DpJl I jijj IjJ^jj n ^^j s jUI (>-^j p f^j J-x^jJil 4-ui s^La (>uj (JSarrier) j^L>- ^^i^. 
^jt n s^m 4- sjbtiJ! o>uu. i^Lc o^aj Uiu (Holes) ol^^ p ^ s_>L> 4- j^' o>UL>* i-^Lc 





Barrier 




Hole^ 


jE>©©©!®®®®k 

®©©©j©®©® 
®©®©j®®®® 


^electron 




p-type n-iype 





x p-n 3i^l ^k JL#- c mbJ j»JLt 2tfb- ^ J^>tl 

I jL^=ul>J lJLu jjj! J^ n< (J3 JX. aVI L^Jji (jj-^p n 4 rtUUl J} P 4 ?U iXl ^jO j^JU ^joJI CjljJstiJI cfJLJjL^Dj 

^Ui 4J^j (Depletion Region) ciiljji^Vl ^kixj ^^jg j^Uil ^U* ^ ^l>^ sjbtA 6^=^ 

. 4 Jj^.lo.U Cj^LcL^ (^| ^3 LaLcJ ^l^ OJ)^^ 4 i?UUl 0jL& 





Barrier 






1 

! " 
1 - 

P-type i - 

i _ 
i 

i - 
i 


+ 1 
+ I 
+ 1 n-type 

+ ] 
+ | 






jDepletfonl 

1 Region \ 





p-TUJLsjJI ^Lo 4- <^IjJ1<-uVI 4-lkJU 
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: Forward Bias ^UtftjUaJY! .1 
(Anode^l) u „ , „j ,j jJI ^LiiiJ p v^ 1 os^i w^> ^^ P _n il^yi J^ J^»j ^ 
>L^o (Cathode ±£\j=) u » . «j ^jJl -sjjIjU n <^UJl_$ ^ 1U .- U v^j^' c-Ja2JL Muaj^ 

. (^Laf jLpol 2_ JjjLaj^ JijjI Jl!I (jf JLSj lillj JLi£. AjjLLaail <_JLxJI i—tla-ilL 







P-lype n-type 








O* O* - 


+ .-*# «-• 








1 


1 «*# *• <>+> 


















1 


+ |*+ 4« 




r I 






1 




Electrons v b Electrons 
* y hllfl * 






< I'l'l 1 






Anode Cat hod 


p 




^1 






Vb 






t I1I1I1 










* PIT 









.L-SljJlL-u VI 4-oiiJLc J)j r>M tiJJjJ 4J*i-pi£=Dj L-SljJlL-uVI 4 rtU (3 J J Cj I jj?c^i] I J oLj^LraaJ VI *-3Ju 

(J.J J ^jj^jl <-oJI ^jjO fr j m ^ 1 1 4JL^>jJI ^LuJ U. / ) 4-u_uLl4 4-<mj3 <J| 4jjLL_l!I Jl^>. S^LjJ ^^^-J 

j! £)-4 (jJ^L^aJ^U 4_J Tr-g-iuJ (^JlJI JL>JI ^Jl J-2j e_3j-<-u ei&ljJIu-uVl 4-iLaJ.A ^ysj£. (jL3 (a^^L<3j^?cJu 

(j^£=j ^5 jjla£=3 jLp J^-i L&Ju£.j _ijj| jJI jj£. c-xj^jJLI c-u-La-SJl ^J| ij^LLa_dJ c-xJL-ail c-x-La-aJl ^j-^ c-JLujoj 

. |Jl>* &jul%.u2> Jl>*jJj 4»4jlJL<3 
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t Reverse Bias ^SjJIjUw VI .2 

( P-Type) A j^Vl ^U ^ J^j^ ^JLoil cJaSJ! <i^ u rn^r jL^jI ilU 2_ jt^jJtl 

?:jLiw ^J n 5JLsjJI I§_ Sj^xjJll cjLjj^1^=JVI ^j^>o e-^j-tl c-J^-SJIj e_a1jJl<-uVI 5-SJ^JU ^jL_>. J} 





P-type , 


+ +j 

+ + i n-type 
+ +[ 








\ 
■ 1 


/b 


I 


il 






'] 
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( wjUjLu ) 






:aj>liiJ!Sjj!JJ! 























rllia 


JJ^ 






o\ 


F1! Default 
i — i 






220 v 
AC 


( 


" CNI 
CNI 

CO 
> 


SW1 


i i 






&0- 


rb-L^aa 


V. 


r - 1 - 

_i 










A 








j ii A3 a 












> 







Jl^Ij <— 3j-b ji 7-LuLc .J 

dJ>L-ui oLui^ .5 

( Fuse ) 5jU*u^4^ .8 
.( 50 x 50 ) L^^ c y .9 
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. ^-LUjL>J 1 ?"jJ-!l LT^" -^L*^^' ^^^^ p-* ^Jj taJul 3jul Jill AjjLLdJjJ! jLp-5' jL-CLd 3jUl_i (3-<-Ujl . 1 

.(^jLtAZLJI ^_<-ujJI ^_ 1 <i^-i L^juj^jj 4 ^-ll<jl>J 1 T'jJ-Jl (^^ic Sjuljul juL&ilc CU j u C lu I Jul ..Z 

.jo^Ll*JI (>u i-u-uLltl CjL-uLULj L^jlL^j '^4^ ciJ^L-u^l Jui 4_JU^. I Jul .3 

.4-<ulj3 LjljjJI jJJ^-^ U £)) 'fcs^V 4 3jul jJI ja-^Lt£. (J-U ciJ}L<-u2l ^J-u-^jIu ^ .4 

.(clips ) Cc-luTJI j^L^u ^>LujV1 Cxjj .5 

.ja^LutJI (j^u ciJ>L-uVl L^ljiof J-^J -6 

.( j^-ps AJi ) 4-ajLa.H (j-t/Lf^ jL^>u SjuljJI CjM^u^>jj j^ltiwl ./ 

.3jul jJI Jji nil IL. c_jjJdl (jjtlu-ul .8 

.^^iLaicuLuLiiiij^i .9 

.( on ) j^iam iiu 4. c L^i! 4.^ ^ ( VI ) o*>ji .2 

.(on ) jg ,y,n <JU 4. u ^ai 4^ ^ ( V2 ) o*>J! .3 



:^LlUI 
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^uljildJ^yi^Uwl 



Sol Jl^jJLI 4X.Lu^> £_ ixSiil Cj^L^>jJLI ^Lt-tTol Ajustlu-uJ V liU : l^j-u 



Sp pjJ £)_£ 4jL^j-a 4-j_tI/ 3_iU3 (^J-C. Jjjl^j>J1 ^j^— 3 <l ^ ( ^J*^ c^-*-"^' p-^ T^^ "" ^o M 



. Jl^j^JLJ ^iiw|jj| (^M <:1 -ipj| dJLJjL^sj ^ J?UU1 ^cjJl (^-^jl : -^0-" 



Jl^jJLI J-<^C 4-SjjJo 7*J-£u\ *^(J^ 



jLjLllJI £>* f-l^jf ajM^ j^=ii : 5^ 



iLcL^D ^^J-^ «-^P*3-* <Lh'-* L>^ (^==aJ » v)(j-" 
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( 3>IJL*1 I d^LH i>u^ ) f liVl i>u** (4£uD £Jj*J 



L^ULS^j SJL^jJtj 4^Ua1( uu^J^it > ^L^lJVf Juu dU^j A,y^j ujJ^Xt J^a > Uaj 



£jj=> J) < itViH 4 o^H 4-JLL1 aJlC 5JL>. IL.J 4 cQISjf (^Jl!I *l jVI (^jlujLa aLa? ( \) 4-A^Lc J-^J-J <^-Jij 


( db-jtl ) <MU ^ 4^ t 4xk LU)i2}l f& ^2JI ^Jtill JaLLUt ^gl 


( *l jVl cJ2jf J^fc) ^bVl ^jIlujq 


JuL^Lutil 


lil^-i 


Lh3^ 


V 












P pjj 4JL^5j-^ 4_uIL 3^La ^ic (Jjjl^j>J| 4»2j^Is a^3 ~ 1 










T1 c-j < al<^j a a i ,~ a si a Ir Jj ^~*.tt a ^j^t^ pi* ~ 










jl^j^U (^li.1 jJ! « , t^pll - 3 










jlxjJLI J^m ^-2j^Is ~4 




















aJLcL^D ^^j-^ *-^p*j-* <Lh'-* (J-^ ~0 


C-JjjJLl 3 JlC L-o^J 
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( djlJt^ldJLH^^iytf )fl/^I^Iy^(^u^^^J 






ujJUl (JjjJ^ ja £ij*ill Ita Uu 



/ / 


t ?C-J )Lul t <__) )i_\-L\! (<i_Lu! 


4 3 2 1: 


iJaL^JU : cjjJClU a^j 




: IWUJt 


CjL>*jJlJI fj-^c^ ^ /80 J-^LftJ La : (^J-iVl Jl>JI 
CjL>*j JlJI fj-^t^a <j_a / 1 00 J-^Lsu La : (^J^-Vl JL>JI 


eLLUI 


^ < < £~ 1 1 Ng M 




CjIj^llse-Uj ^)I(jjJl ^_ 4-d^LcaJI Cju^-ujuj Jlc.Ij.2j Ju_2jJI ~ 1 








^-JLLu! jL^lojj 4Jjj3LJJ! ^J-Lt-LUJ ~D 




^.jLiiJI 4-uj^Lu -4 




CjLJI 4-jUj illi-u? ijLxl -j 




e>**ii 


t Cj» ^ <)^r 1 A 
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■o.'iffl|) lliiiplllq.o.'inll piln]ll iinlnll niiiiiif |(|ll 

gALUt jJ$fe£j (ivuya,^ wUUJI 3>| J? I 



i_<-<-uL>J) 4jLllo 



L^jI a-ulajj CjI Jl^jJLI 


















a ^,^ 6 : 3J^1I j»U>V ^>ai tfjll 
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A ti ♦* 



( uldb>jtl)Jttjtl4rf<^LB 



Bj^LIo J] ^-uj£=Ul1\ jLl^jVI JL^J>* ^-g-iuJ -ij^'-i (J^3ii 4J.JJUC 4-<*_t3 Ju£.J . OJ ' *^-*> < * u *-£^ 



o\j^l . jl^jII Li>Mj( J I c^jjj bii^ °^ S W^ jW^' ^j3j L*^ (Breakdown Zener) jjjj jL^I 
(Zener Diode jjjIj jjj} )cj(jl^j^j <-ajju ^$j^\ cj^L-^j.^ ^JJlL-oj Sj^Li^il ^jl^ 



. 


ii D . mA 


i 


V«iA 










Gt jSi 






Ge 


IS 








characteristic 




1 






Reverse 

characteristic 




— ^-/' - _ .. u 




1. 


1 


u 


Si-* 


p— ^ 


ia2 


ol 


02 


0.7 


— ^-Uo» V 


Hot 


Ge 








la tul« 


^ — Bfeahdown region 
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.jl^>ji c.c-u!uJ^jLir"frM : Zener Diode jJjj jjjIj -1 
a^rU^i^i i^jp^JVI j^ljjii! ^ ^jiiticaj : Varactor Diode Sj^iixi i^l oli objjl jJl -2 

.tij^^ n ^u AjLgttiuuj ^p- ^ljLjlJI ob^pJl *_* AjLseifauj : Tunnel Diode Cr 2ii]| jjjI jJI -3 

*y±i\ cjU^l^i^^jLieiuij : Photo Diode ^j^i! jjjIjJI -4 

cdJji^Dj 4-ujiMl CjVI i^VQU CjLcjLuc JL_ujV jjt^fl^ AjiitlcuJ : LED ^j-Uai] wl^cLJI ^jjI jJI -5 

.isuajjJLlj Sjuinstii! SjJlUI CjLxjIJj 1 uajf dULLfcj lOOGHz ^J\ J-<-^j f Jll\ 
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I ^ <: — ^ S_i_ipJj 3jLiVI ^jj-2Iu _ijj| Jul ^j-Sj ^^p* < 4ju3| Jl?cIu-u1 (j^u (^^i^- 3 Jl>*jJ| ^Jl& ^_ CjJl?&ILu-uj 
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J\ c-x^jJil jl^>ji D2 jj^j . ^Lat jL^I 4- D2,D4 p^fo SjLiVl ^ ^liii < ht^\\\ 4- Uf 

-i-ij^ < k* lA> Lfc_iJ>J>J i-L^J-^ CjL>*J-4 1^1 tS>\\ £j£. 3jL-LC 77jJk]| ^JJ^3lJ ^iC-J (J^^t 4-4jL2_4 (^ic JL^J^iJI 



t ( Ripple Factor) r £$*!!! J*Lw 

. J-<^>JI 4-^jLLc *_a (^jIjjJI ^ic < ^11^=3 a aI jL?dL_ul ^j^=ucj ?:jJk]| SjLil 4_ ?:j-<C<JI J-JLSjJj 

.(j^a-S 111 ^ya^juu Jl^j>J| ^y^Jiiclj IaJulC pj^dJ^ Jl^j>J| pLajjl 4jL*. £— {jDc^ujI] ^£- < Jn^i U J-^juj 




(ripple voltage) 



_t^u-> 



£j_*ll! J-^ ^j 
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t <y Lull jaafij jUI£I 

£-j-b *_4 c-JL-cUIj c-x^j-ll u La-2J) J-i-^-jj <L^jj>iJ jILpaj VI (JL^jlL-uU Jl^j-II (j^***\g jLlL^I ^j-^ 3 ^-!' (J^ 

Jjl^^>iJ ( ^_^Lc| jL_tJ>iJl ) c-jLLa-S V! ^j o^3lC J^Jt£.j ^'-6 j ^>La <j-a«-^' jW^ 2?.|jj3 ^jj^=iJ £)| <-;-t->»J *_a-ojJI 
. LilLj Jl^jJLI j^-lIa-l^ Ljj^d^ Lcj^lc ^l^c.1 lij Lai .^J^l ^^^J <j^° <*->L5-a * tiaj -ijJL>- I2_ 3?.|jj9 (^^ic 



C 




A^^ 



A-flj* 



Juvjjj ^yz5e£ 4JLjJ^ 



j^Iu-tjL^ J ^^» ^JJ _i_ip_tl JL-^j>JI (Jj^>o j-^LulJI ^j-^a 4x.j_^j?t^3 L^jLj jLp-J! ^L>ol ( fc£$2Z ) Jt-p^JJ j^lj-i <— ^J-*^ 

-i-ip^ jLjj (j-c 3jLl£. ^.Ljj^^=JI i^Dj^i £>* fjlj-llj j-jL-^a-tlj JjLuU J-x-^jJLl (^j^jlJI ^Ljj^^JI jLpJI <j\ 

.4-ujlajjJI cjIU-JH IL. 0J4J3J ^JL^L c-xj-<-uj tiUij t a_ljI!(JI IL. 3jj^ 60 5-jJljJu 

(jr -Ll Jjf^^JH 4-4_AJ-<^Jl]| ^Ljj^^=JI ^J-A S^Ulu-uVl ^J-A JuV I jJ .iai^=L* L^I^aJj 5ijL-a]| jl £$L>J| CjLjjlUjtl 
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: 4UL&1 2b^l (*J£4J JH>* 



cJ^S 220 JLc JJp-o Jl^v. 




tJj^tiJI aJL>j^ .1 



( fU*2i]l ) tSJLol^aJI i^>U JLp-j3 aJLvjuO .2 

^L>ozLj 4_l>*jJu 4-j>*jJu Jj^-4-> wl^p* .CjI Ju>wj-4 5juj1 l^j 3j^laJL3 jl Cj! Jl>*j-4 ^ic 4JL*.jJu 0Jl& (^£jIL>iJ 

I Jufcj .c-xjvjJLI ^L>oVLj iLaL^s ^J-a 5JL>.jJLl ^Jufc ( j^s ?T>>^ ^J^J -S-^J^' ^L>oVLj 4-JL.oil i^jJLlj c-x^jJLl 

4.t_ m 4—^.lS dOlj L<U^3J .^JJ_2jJ! 4-JL>».jw<3 ^j— a 4-^jL>J| 4-^jJLI ^-4-JlJ(J ^ LC J— <^>JI * 4 (^jIjjJLj 4JLl^jJL!j 

.c-jjJLU-tl (j_C 4-Ll^ 4-lujlJj cJjJtio Jl^j>JI 4-^j3 ^£>- < CjLaj-JjiIlJI (J^ju L^j ^ujlJuJI 4JL>.JwC JlAJ 4-^J-tl 
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( Full wave rectified by bridge ) 






tlbjlUluUiin 



JJUtll 


uWI 


i» 


1 


cJ^3 1.2/.2.20 ^Lj^^a J,^*^ 


1 


4 


1N4007 gjjcilo*.^ 


2 


1 


4.7jliF ^su*^ < tf^-i « 


3 


1 


100k 4_uL^^= A-SjLiLd 


4 



tl^ttl3>iUll 




.Sj^jI Jul (J-JLliJ ^_ ^JuJu c-JjJlII ^j-4 ^jjLu-ul .A 

^^ijJIj ( Multimeter ) jAjJ^\ jjuoxi ^LiSJl jU^> lim... 4 i^lkxi oUUl j^l .3 

.( Oscilloscope ) ^L^^tl 

.^jj^jJI I Jufc ^_ CJ ^ La J-4JSE-4 ^C IjUjJsj c-xH^d! .4 



59 













t^JLlJI (JjJl>JI J-^-^d1 ^j-uLmJI Sj^.^1 a| Justlu-uLi 



^jJkJI o^x 


JiwjJI JL^j. 


^j-uLl2j! jL^x 






jTl-L^Tu Q-^J ' 






^Ljj^^aiJI ^U-oljJI 



jL^l ^liia ( volt / div )= 
,>8jj| ^-Lllc ( time / div )= 
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:J-<^>JI Jii^. r>>Jt ^&>* 



ji4^JI ^Lli^ ( volt / div )= 
^jJI ^Lli* ( time / div )= 
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-cvirnp ll ii ijnl llq -cv'i nil pilnlll nnlnlln TqH 

gULUI ^iaJj i^ttll 2UU1I SjbVI 



c— <_L^L>ij| 4jLll£> 



aL^JLSI cilsj ^uptJbJI SjL^o 












^L^!dfli(W*0)!ut>L^ 



: ^UlldJL^j^JA 



aL*JLJI cdi j r^v^ptiUI CjLJU^. t\ jf ^^ IjjlS c_jjJlUI Qj^nj cjf 



. u ^„ ^ 4 : zjb-^ji j»u>v ^>ai t^JI 



62 













( soldering ) :^UUIkij>j3 

.^LstUI *^=i .1 
.( jj-t ca2ll ) aUJ ciJULu .3 




■ 4>(Afcyl £* 2b$t&l Jib* 
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jdl o-^tjJI ^li ^jL^ 3 



^J-U JU-4JLd pJJ ij^L^D 









.UdJI 
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^jj_^3j <^_ij>ij L<-uL-uI Uo(^> a juL^LJu! (j^^j (^-J >^j 1 J^ l)^^J-^' ^^H lt^" ' J^^' ^"3^3-tl £-^3 ' 1 

ciJJjJ 4-^*J^J ^JLL-uJI i g^J-uxX\ (J-J* 4-^*J-* 45 4-J_jlj>J 4-^jJLJI ^^ic <Xjul&J Juu j f^n*tl cliL-u <-^ji^ (^LJ .J 

. J-<^aJI 3j^3 (J)j^ ( SjJlSJLj 4JL^>j-4 ) iiiwL_u aL^JLJI 4jjL^=lj ioLalowVI <-;-^>iJ .z 

.iiLua 4ja- li f hL 4jjL^=JI 7c_<-tjuc (3£/ls (j-C 3-iLa (^1 ^a 4jjL^=JI cS^U 4iLlaj £ya Jl^dGJI .3 

L&jl JuLa Aj^Ij * ' ' *a J^ * 5 ^jJ-!' 7lj^jlmj 4-^L>J -iljJH j LgaJuul c^jJo ^j-tuc^Lj <*1*-aj>iJ 4j^I ^a 11 f-*-^ -4 

.4jjL^=JI ^j_<-u cJUj 4J-U j ts>*tit\\ <— 3j*ls (JJ^^J ^^^ 1 (3<ij"**^ -*|>Xt 4-U.2JJI ^a aL^JLJI cLLi-u c_Jjj9 .J 

.aLscJuI 4 jl <^r (J-ull£ 4_u.<-rjL^ 1^Ju^-lL) (J^tJ^ aL?cJj! 4-La_2j (^^i^- cJl-tiL>J! 7r <7 Ml .O 

.Sj^lLcj ijL^V j 4 <? j l^ j j^lM (j) JuV 3 Juj>JI aL^JLJI 4-U-oj .y 
.LaLcJ -i^wpJ aUcJLJI 4-La2Jj <jl&\^ AjlojjS (tor f .10 

aIjlJtI m)I ^j-^a Jl-jV IjlJ BjIj^kJI 4-jvj^ ^LojjV A-a-<-o1 mi -kJI 4_jLc 4_ 4 ■Ujp^aJVl j^-^LulJI jj ^=aJ .12 

.>LlS1ujl4 J^dQJI £y* L^uLa^j AUtiJI i-JU^. Jj^m,i1 4_^-aL-uj ( flux ) Sj^LujlU b^UI .13 
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: a Lai] I cite oljla^. 

4-4^L<-clJ tiJuij 4 ^j-^=^C-i La pj*-<-uLi j^jL^aJu ^-^=J aLscJuI ilaJL (j^- (3^J^ ^JJ ^~^ ^J^ ^"^ 

(t^rt ni (j-a Jl^dGJIj .aLscJJI 3_iLa ^^L-^JLcV da^LfaJl Ajustlu-ul aL?cJLJI S^La jl^ i^\\ J>j^se_^j 
3j^3 aL*JLJ| 4 Ufi\ (j^r i a J 5JjLe^ ^Jl^-J 4 <Jj^' 5JjL>JLl £_ aL*JLJ| S jl_4 ^j-4 4_4pUI 4 JO^tl 

< J Lalj j f^ f+tl pj^J ^j_^3ucj 4_jLs 4j?e_t5e_i-^JI ^LSjj^UJLj aLscJJI (-.^.^t-t-o ^Ij-^J £y* Jl^dGJI Juu 




^ftUliaiLi 
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^V*!>^j>Wjj>£ 






:2b»lUluULiin 



JJUll 


( rthntl 


i» 


1 


U <-3ja J^ ni (JT 1^. ^jj^tf J-*L>- 


1 


20 


^ / , t 1 / Jj^ ^» ^ 1 2<^—^\ ^/ <. ^j/<l -*.% l*\m / ,,f 


2 


= 


( jU, \ r^ ) aL_>J dJULu 


3 



.(^jjwlj 4-5tl£ (J-^ 3 (1^ (*-"* 1 A^LujL^J 4-X^Is (^^ic IjjJu^ CjL?&Il3 (J^^-J J-^L>i-tl -il JLC.} . 1 

.cllJLu J^-lt AUM 12 JjJ^J bjJlA^ L-i_uL>0 \^-i\ta ( 20 ) -ijLC J-*£.l .2 

.J-aUJI ^ iJ^kJI CiUtLiJI JLl ciJ}L^f ( 10 ) ^ .3 

,^^lc£l>LuiVl^^U2Ji^^ciJ>LuiT( 10 ) gjud .4 

.(j^^aJLu *_LL2j aU7)*) J^3 (jjIc aUcJUI 4_JU^. ? Jul .5 

.4-t-U-gJ) ALseUl Av^Tf ) juuJl! J_lC aLssJjI da^Li (J-^tTn-ul .0 
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^L^)!dfldjL^JJ>u 



.(J-<^aJu Ij^L*. {JJ^"^J <N --^ > ^ l£> uj 4J^ 1 ciJji-xJ cL^=a t u a) j Lka^LfaJ! jj (^^i^- LkaJLL^I ..Z 

j^jt^aJj jj> )i '^>^ti (^jJj <^o* aLscJu! 4-La_2j (j-lis-LuTtJ iJul .J) 
.(tort Mitl jj daJu-ol ^J aL^JLJI ilaJiJ ^j-4 cla^LiJI <-_)jj3 .4 

.(jj^-1 3j^a 5JjL>JLl jlc.1 VI j L^Jtiaju ( j^. cJL^IjI ciJ^L-u^M £>? ( j^o 
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-cvirnp ll ii ijnl llq -cv'i nil pilnlll nnlnlln TqH 

gULUI ^iaJj i^ttll 2UU1I SjbVI 






7 



C-C(-uL>J) 4jLllo 



4-OJulII * n k\Vl 




. 1 g mi Jj_pellt *ulajl^=3J AjJJUlJI A otViVl ^Ic l^jju1\ ^Ic Ijjl^ c_JjJlUI (JJ^J (J I 

.(^5 Lull AllalU ^^ ^jJutl uzjjuu <j] 

.(Jj^tinJI aLI^JJI ^le. c_jjJuJLl l_3jjuj £)1 
.4j^JljlJI 4 fltViVl 0ju* (j\j (JjjjstjJI ^j-4 c-jjJuJLl ^j ^^ <fn <jl 

. a ^^ 8 : SJb^l j»U>V ^>m tfjlf 
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3 jLJ^a 1 (^j^uii^. Cu-ujJl a! taJul ^jj-LduJ L^Jj aJlJcILuj-J Jl^J i^-jLuJl AL-kaJJ! AjLstlLujJ L^jJulS 4_l<^3jJ| Bj^j^VI 



.^j-JiaJI aUs-LII .1 
■LSj <~" c '-"""^ j* Hail I .4 



0.1.2.3.4.5.6.7.8.9 

.(10) (^l^Vl. 

:^Jtul^ o^=rj 5416 ^jJ! Jliu 



jUT 


6 


- 1 *. 


1 


CjlLc 


4 


«-MT 


5 



5416=6x1 + 1x10 + 4x100 + 5x1000 



t^Jj 1 <\*—i r^J-J) £jlL^=3 ^j-^=ucj l^J^I 4-S-J^La.J^ 



( 1 U) ^ JljlJI 3j-Sj Ljjj^l^c J-4J J-^=3 ^^^^J l£ ' 



70 













^Jlju! 3j_Jlj 3 Jlj>*j (j-^3 C-Jj— l^ ^J <^_pw (^^■ujl.^J) a! hill ^_ 4_JUju> (J-cl_<2J a Jiir~ t a ) 1 1 U 1 ^-jLJjj! _}Jlju! 

:^Jj 1 <i^-i A -iJuul 3jJLi j*aj u^ 3 ^tO '^J ^-^J 4 O M<r 

1x2° + 0x2 1 + lx2 2 + lx2 3 



1x1+0x2 +1x4 +1x8=13 

c-jj (^ tL LSjL<-u Lj^ ^^p* ^JLL-clJI 4_JUjlJI ^j-tu^LJij ^j~^j (^L^ ^J[ iSj ^ r -*J^ (j-a (Jj^?tl<JI iJL*. ^- Lai 

-.53 jjuJI Mi« 



a ^ , ,i?>\\ ^\ \ 


^U! 


2 ^^JLc ^JulJI 4 4 t (A 


1 


26 


53 





13 


26 


1 


6 


13 





3 


6 


1 


1 


3 


1 





1 



53^1^1^^! 101011 
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l_£j_ji£. ("< (.ill 








1 


1 


2 


2 


3 


3 


4 


4 


5 


5 


6 


6 


7 


7 


8 


8 


9 


9 


11 


A 


12 


B 


13 


C 


14 


D 


15 


E 


16 


F 



^j-JtfcJI aUjsJJI ^1 tjj*uu£. CcaJl aUs-lII <j^3 7B9C JlJbJI Jj^sll Ml<s 

7B9C= 7xl6 3 + Bxl6 2 +9xl6 1 +Cxl6° 

7B9C=7xl6 3 + Ilxl6 2 +9xl6 1 +12x16°= 31644 (L^) 
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4juUJI3Jb-jJI 










:^L^=lj (Ij; Mir) 31644 ^JulJI Jlla 4 16 (^^ rt t-u-Sj ^j Mir dig] I J} mJj^IjlII £>* Jjpslij 



4 Q < r(rtt| ^-^Lj 

^g\ M<r d cf-o 


4 O Mlrttl (j^L-J 


£3LJ1 


16 ^1*. ^JlslJI 4 <j uj£ 


c 


12 


1977 


31644 


9 


9 


123 


1977 


B 


11 


7 


123 


7 


7 





7 



IDyK^ - (t£j Mif <■"< mi) 4 o mi (ill (j^Lj -ij-*£. £j-« ^JjLtJl oj^-iJJ 
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.(^gj *M1 a Hail 1 (J I ^LiiSI Aliaill ^ 1001 ^jJI ck^^ <*£ -2 

.(jij-ujLtJI a! t^ /tt jj ^gj r lt c c< 1 ritl aU^jJI £)-* 11313 ^j-51 Jj^tiu ^ .3 
.^j-Zuc c< tuW AlJaiJl <y I ^gj^Lo.tJI Ali^iJl ( j^s 145 ^jJI Jj^tiu ^ .4 



74 













( djlJtoll 3jLH i>u^ ) f bit j i>u^ (9ju2j £JjrfJ 



L^ULS^j SJL^jJtj 4^Ua1( uu^J^it > ^L^lJVf JUU dU^j A,y^J ujJ^Xt J^a > I 



i AW x 2,^\^\\ 2\\^\\ '2 2 *\1 *tl ♦ <u> j - ,U"lt 2 ^tt 2 ,U* ^ \^ 


a^ll ^JUj j>twjj!>ll : <Uk uj)dlll <£ tfitf! e*^» kLfcill H 


( ^bVl cdSjf J^) ^bVl ^jlia* 


JuL^LUtJI 


lil^i 


W^H- 


V 












AjJJLtJI 4 fltVlVl 4j£>j_juz .1 










^SLAJI filial ^ cJajjOll .2 










^j mMI *lfrntl ^4^. L-ajjLiJI .3 










^j Mir CclJI ^ttx:tl ^^ c^jtUt .4 










^^L^JI ^Lt^JLJI ^Jl ^L^l ^Lt^UI o^ JdL^^^' - 5 










^LoJl *lk;tl ^1 (^j-l^JI a Hail 1 ^Jj^till .6 










(^gj Mir CiloJI ALkaJJI ^J| ^j.L(jLtJI ALkaJJI £)-4 (JjjjstjJI . / 










(^gj-LtLtJI ALkaJJI ^J\ ^j Mir O-uJI ALkaJJI £)-4 (JjjjstlLJl .O 


3 JlC L-o^J l£>^' SjuC lL^I mi ill \JJt (^±C C-xJjJuJI 3_iLCj UL^Lii LxJj^ J! Z 4-<^jL2J| ^_ 3_ij^<L3 -ij^J iJL*. 
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/ / t Tcj ^ITu! t c^ )Jl<_\! (<i_Lu! 




4 3 2 1: iJjLsJLl : c^jjOil ^j 




: i*>Lfc]| 




CjL>*jJlJI £j-<^3 ^ /80 J-^Lftj La : ^j-iVl Jl>JI 
CjL>*j JlJI f^M <j-A / 1 00 J-^Lsu L* : (ji^Vl JL>JI 


i^uui 


^-u^jjI -ij^b 




AjJJLaJI 4-<J^j^M (JT ic <-3jJU .1 




^LllJI aU^IJI ^^JLl c^j^u .2 




(jj^inJI aU^jJI ^^JLl l^jju .3 




^£jJliC Cjulm1\ aU^JJI ^^JLl C_3j^*J .4 




(^gj-LtLtJI aU^jJI ^JJ ^jLuJI a! fc it! ^a <Jj->- .J 




^LUI *llalll J 1 ^jM.ttl a Hall 1 ^ J^p* .6 




(^gj M<r CcujljI a! hill ^JJ (^g^-ujLtJI a! hill £)-4 (JJ^- . / 




LO '~ # ^' a.1 fcs it| tl ^£j ~ t <* L~, , .A) Ji U% /tl ^fl Jj~*- «S 




tH^I 




* ^jl Us n^r I ^ 
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-cvirnp ll ii ijnl llq c^i n II p i Ir ll I nn In II n TqII 

gULUI ^iaJi ftpail 2UU1I SjbVI 



X 






8 



C-C(-uL>J) 4jLllo 



JJ-^ 



(plpll 




FET Jt*l ! jjuD j^JSIA B JT luk^t ^Uj j>u-^j!>)! 



: AUrtf 

pjj J^=J (J^Jul 4-2jjJo i^jJUO 
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B JT a^ukAl! ^Uj j^jjIJU! 

Bipolar Junction Transistor 



(Unipolar- Junction Transistor ) UJT <L*jl ! ^pLxf jji^jJIj^ - 1 
(Field Effect Transistor) FET jujii jJih jji^l^j -3 



t BJT1l^I^Ujj^^I^luS>3 



p-type 
n-type n-type 



Collector 




p-type . 
n-type . 
p-type . 



Base 



Emitter 
SIO s _ 



1+ - 



^ 



V 

-C 



Base 




Collector 



if 






» 



* r 



t 




Collector 
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4-ulcVI jLpil J^^p* £y* l*-^>- JL^- j^^=iP ^li 5-SJ^ju (jr^j : Emitter <l^cL -2 

^yln 3 2 La 1 1 1 ^jla J-<^*jj <l^cLJI fjj* (J&) jLu ja^ajj cjIj 3 sU;^ ^^j : (collector £-*-?*-& -3 

i jjiu-ujJ[pJI J^£. ^LuulL l)L^ ^4^-j (pnp) j>s*VIj (npn) ^j* J3J 1 jji^jJIjiLlI &a o^-^ ^^jdiJ 

.Luc Cj|jj?ELiiJlj CjLjj^IL^aJVI (^£- 



. 1 g^jJajLAJ (j-llu LgalLc p-Il -ij^l-i ^jJ-l^J ^j-C 3jLl£. jjIu-uj^jIjILj! £)] jLl1£.Lj tiJjij 

. npn fjjJl &a jjitdujJljiJl oj^nj ( 3 jlcL2J0 Luc ^^^1 jL-^j| jL^3 lij - f 




1 0^ pnp pjiil ^ jjl^jJIj^il pj^nj (s jlt-LUI) Lua ^jj^jjL^JI JL-qjI o\^3 lij 
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^J^.^1 iSlaJJLl ( j^s CjLjj^l^aJVI (3^J^ o^- ^jW^- J-*J A.lAc.^1 jLj 4j jwCJ LpaLaf jUtltl ^jjIjJI .1 

(p) b^>; jsVi iikil! J\ (n) !>^>j 

ZJabjLA ) 4-iilj^JI CjLbt-LoJI 4.2-LiJLc j^jju-^j ^J} l£-*3^ ^^-W^^J 3 JicLSJI (j\j <^J-J^J ^-^Lcl jLpol ~ 1 

. 3 jlcLSJI _ cl^cLJI 5JL^>j j^l 

j i<^-^S\ ^j^Jlj 3 Jt£.L2JI ^_ CJljJse-iiJl *_4 JustluJ Ouj^L^aJVI 0Jl& £yz t Jp* (J^J-3 ^Jp* JlLcj <^£>- 
jLpJI I JlA JuCljuj . 3 JlcLSJLj 3^j-^j-tl i-J^Vl CjLbt-LoJI J-alj_>. CjLjj^IL^aJVI {jj$ J-^=J (JL-cojI jLaj 

^-<-o^3laJI jl^j>JI (^^ic ^Lm^-I ^j-a ji^sl 3j^-l^3 4-^jju 3 jlcLSJI _ ^cLJI {y* jLiojVI jLp <^Lc 

Ie = Ib + Ic 

^LJI jLj I E : ^p. 
3 JlcLSJI jLj Ig 

: (Beta) p jLUl v ,„^ JaLl* - 1 
P= Ic/Ib 
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tlpE j^ajJLj J-^LjlII I JuJ j-4j>J jj!u-ujJ[pJI CjLjLu CjL^jJ *Jajt-4 IL.j . 1 (JUUU ^l^* \J L^-x^ J-<-^ 

a = I C /I E 

. 0.995 j\ 0.90 ^ iAc a Ci lj^ d^ 

t Common Base a$jt&tl?dkL21l -1 

















j£i — i 1 —[Jl 


t T . , f H 








* r 




~ ii 


" ll + 




£ ^ r 




4 
+ 1, - 


If 1 
+ 11-=- 






i « j 


■r 

f if 








1 cc 


i 1 j 






f 




7 * 






p 

IT 


f 



t Output Characters £^*J I jalL*? - ) 

lg (JiwjJI jLuJ <LuLj aj£ JulC ?7jJ»JI jLuj * CB Pt'J-^' ^tA>^ O^i <^^-*-5t (_P-^ Cr^W ("^^J (JJ-^J 

Active Region itbuU! ukixi • 
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Cutoff Region ^kiil ^kic 
Saturation Region ^,v<fl ui*i 








ftftlnrALltui 


tfv* 










-50 
E 

- 

J* 

3 -io 




rr^etn 


\ 




± 










1 1 ' 




i 


| 








/* 


i 1 
= 40mA 






















■ 






I ■ 
















jf][ 


■ 








au 








it 


























10 










j 












p 

L 


l/r 


i 




, o 






\ 


1 






1 




■frp 


> 


' 


1 






CutxrfT region 




J 




Ca]lertor-ta-hi*Mf vaLtagv drcpV.-p , V 





3 JlcULj! (JJ^rnTu-O jjyLujj^ l^pi 77j^>Jl ^j-** >1 <-^-^- ^_L3eJ.d 

: Active Region iiUill ukUl 

£— «JLt J^H Lr^ ^CB J^^ <J> ( ^ ^^1j 1 o^ vl^cLJI jLj 3_^IjJ*j ^I-^j^ *-$^>Jll jLjj £)? ^^Jbtltl £^c (k~Qlj 

: Cutoff Region ^usii iikio 

5JLx^jj . L-<-tjL-^3LC 3jU?tJL<3 ( JJwJlJI 3j^-j|_i ) 3 Jl_cL2JI ^_cLJI 5JLl^j ^)— * (J-^ 3 OJ ^"^ ^ 2-La-lXt 0JL-& ^_ 

LajLi^. ^-i-u-^aJtJl ^-llLljJi jLp (^gjLujLJ 1(^ *_<^j>Jj jLpJ • Lj < u^=aX SjL?eJL<3 (?7jJkJI 3j>j!_V 3 Jt£.L2J! *_^j>Jj 

. Oil iSWltCn * LajS t-LLL^s 4-SlaJJLl 0Jl& ^_ j ^Iu-ujJ [pJ I Ajustlu-uJj . j o js^W LjjL-cl4 vl^cLJI jLu ^jjp^-nj 

: Saturation Region ^nVitl <2kic 
On Switch J^j ^Llu^ <jl>ji 
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t J> JJI jaJL^ -u 



j, if {mAi 



S- 
7 - 

6 

5 
•i 
3(- 



L 




l'f j (vollSj 



vl^cLJI jLu jIjj-j L^juuj j^L>JI jl^ ^^JLl v£b (J^jlJI <jHJj^ c-JUlIj q] ^J\ Ijl^ Lh^^ lg <l^cLJI jLj 



x Common Emitter ^>^!^U)!j^L^ 
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: ^j^l jdjL^^bbU 



-3* 



- ::,J 



| * 



LO 



J< 


BL 










25* 


c 




— 
















PQm^' 












^0 


si 




^-j 


fc- 


159 


mW 








Q 
















^!TtiA & 




















u,i': 


-Lg 










nd 1 it r 
~0lO&"| 

"*-- 1 

























Jbsj 



-3 -4 -i -* -Id 








Jj(pA) 




| <4j=iv 


too 


- 




J J lfcr*lOV 


90 


- 




l|, ^ r = 20v 


SO 


- 




/ 


70 


- 




/// 


60 


- 




// 


50 






// 


40 






// 


30 






/ 


20 


- 


j 


r 


10 


_l_i_- J 


7 


' F 1 





0.2 0.4 0.6 


oa 10 1^<V} 



lLxj! (Jj^rnTu-a jjILt^j-jl^pj ^j^Jul -j--» u <-^-^- ^.LstJLo 



VC£77j^>J! i_pJ^^ <*->^p Ju£. lg ( JiwjL$| jLfJJ Vg£ ( JiwJiJ| A-pJ^ £j-U 4j3^^jlJI JlUf (^Lu fU-uj jJfc 
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: Common Collector 4MJ! j**i I j^L^£ -2 




. dJp-<iJLl ^cLJLt ?:jJk]|j J^jJI ^j-^jL-^^ ^JjLcj ciJp-iiJLl *.<^jae.<JJ Ji^jJIj r-jJ^JI ^j-^jL-^^ £)J Ja_^^Lj^ 
lg 3 jiclJJI jLj cj^jj jil^. lg ^cLJI jLjjj V £c f-*^^' <*!*£, LJ I ^ay o^ 4^^Lc 

V£C f-^^' <l^cLJI Jl^>- ^^p ^£. lg 3 JLC.LSJI jLjJJ VgC *_^J>JLl 3 JlcLoJI Jl^>- (J\J a^^Lc 
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. A-Uj^IL^aJ V I 3j^>*2l ^j-dj^xl^i] 4-u_uL_u21 cJijLLojJLj 

. BjLiVI 4.+-LOJ LA-U ( 3jJL^I J*J_L^3lJ jU)lj_V S^JJ^-1 1) SjLiVI J*J_L^3lJ J^'J-^J S^jt r^ttl 3jLiVI J^_L^3lJ 

^jJl Sju>! Jul ^-<^LfjiJj . (JjiwJu! SjLiJ £yz jjl^=d\ j! JuLc CjIJ 7TJ^>- SjLiJ (^^i^- (J J < ^ >«■! 1 ^Iaj j^-l^=uJ I £)] L^s 

^ LA^=3uul Sj^jI Ju tiJuju ^j-Sj 

. 1 j < rf^^c ^-j^JkJi jLi^oIj LpaLcl Jiw Jul jL4j>ij! (jj)^^J <l^>o j^^Iu-tL^ j J r^»a ^c 4UjJljij £jj$ Ju V 



je.miooK. 



A fl - 10K 




-K- 



K 




6K 



,A,-10K 



J!uj (-aljJoVl (^i <^jaj 1 Jajf dJ^aj pnp jf npn p^j ^ jjiujj^lpJI o^ 3 'M ^j^ clj^d li! 
TcJL^ j^ic uj^^j jj-^j^Lh-^' o^ 4j>JL^ j^c (jOJLl^jJI ^c {£] (jL^s I its .^jLuJI aL^jl^J! jLlL^I <uj±£ 
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^-S^ pnp p^j jf npn *jj ^ ^L^ lit ^>*j V ^jl^Jj jji^jj[pil 4- ^Iji^M yjj^ ^j-*^ <^^=> li| 

3 JLC.L2J1 4_j^-pajVl £- e-c^jJLl cbjlaJI dajj^j ^ . 1 

^cLJIj *_^>Jll Lw* (j^jJ^JI <jl ^^JLl Jju 4^ajl <7<>lt 5-<m^ c^.^ -2 

3 Jt£.LUI e_3jio jjfc vlJliJI cajJaJI <j±\ .3 
^)jjjw^l (j\^jl^i\ (j\j c-JjLuJLj j^w 2I e-bj^UJI J-x^jj BJlcLSJI ^JLc. jILpaj^l <— 3j*ls ^-^-P -^ 

4juIjJI Sj-UJkJI jj^sj jILpa^^l c-jLLa^1 (J-o^=lC.I .J 



87 













Transistor Characteristics 




J-*ju ^LJUkJI oJL^fc 4-JjT' MtpjjItH ^jLa 1jm( ^r (Vcb) £>^' J^P^'i l—aLaf (V^b)^^' jUp^' 





r^Pn 


1 -Ti3i-i 




Uh 


-*H=- 




v « v *c 



88 









^l^b_)!2iLu_i 




Filed Effect Transistor Jl^lj^Dj^jjI^j 

I j ^jj CT k. juO^j 4jV diJij Unipolar device a nUstl ^jLJ >^^ <yi 3jL_c FET j^y*^ 

<JL__>wU ^3-j^Is (j— c jL II jLpJI _=i_ ^__=_5%__lJI (<£-£$ • cjIj ^q j] cjI— \$jjl£=z \ \\ c^-JL__= ^.Ij_<-u cj! L^ m< tt ^j—a 

: L$_-fc cA^ j-J (J I r tL 1 ^JuLc p < <j-Sjj C-_-3jj1 ^j ____ > ^ Cj|jjy-oj|j ^J'^^n tVl 

. (Junction FET) JFET U^yi ji jUJtl j^b jjwplj^ - 1 
. IGFET /\ MOSFET ^>ll ol^JI ji JUJLI jJih j^^Lh -2 



* JFETaUillji Jl^lj^Dj^j3!>i 



:^Lu1IluS>1I 




JFET jjIL_dJ-Jlj.il! < . taf--->jJ 

i^Mi^i rt H ^--ajL-_>- ^J-CJ ( P pj-J jl) n pj-J ^j_^ J_t__>j-^ 4-L--7-) 3__L_4 £yz i . m f^^l ^j-^ J-t 1 J-i A j jlL-uj-J I j-J <_-_-_____^pJ 

. ( n pjj jl) p pjj ^j-^a <_£( ^j <\^-i[jus pjj ^j-a J_x_oj.ll 4___u_L 3__La ^j_^ ^G_______la Jl-vjj 

-89- 












£)_a c-a-uia 2j1 3_iL a C-cjl^d lijj ( JN (^/JlSIlIlGl) JN 3LJ-2J! ^j (JL^JU j>GG jjIIx^jIjILj jjILl^jIjIlII ^mq-cuj^ 
x ) r al LSJ1 jj (JL^JLl j^jLj jjT(-(-ojJIj>j 4— ilc (jJLLa-x^ r pj-J £)— a c-x-jjua_SJI S^Lc C-<_jL^d lij Lai JN pj_j 

(channel 

. P3LL2J1 iJL* 

: Source (S) ^uX\ -1 

. BJT s^.usti 
: Drain (D) l^j^JLI -2 

(— a i^ f^ U jL-G tiJJjL-J i_jj^3uc 4_L±JLiJI iJbe_tIuJI Cj^LcL^. 4J^liw ^j_4 7Tj->o ^ JlJI ^juju^21\ <— Sj-b J-^J 

: Gate (G) u^Jl -3 

*— uJLqJJ 4-4-ujJuU Liu-ti_^3LC IjLpuJl VJ 4-j|j_JI jL_tJ>tj| ^jj_^3iJj sLuiiJ (J^ILujL^JI (^G-2-LaJJLl ^C SjLl^. (_^-^J 

r>J 1 jjIu-ujJIjJj I2_ 3 jlcLoJI <— 3j*Is Lp^f ^L^l ^j^J 



D 


D 

1 .rf"* - "^ 


fc *n„ L 


G -ffl 


a 


)« 


Nvbf 


Vd 


-/. 


s 


s 





JjLJI J^lAJL I o^a p sLlUI ^,1^- J^j rj^^Ij II sLlUI (jl ^yic- J^j J^'^U p-g-»-.jJt 
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: jLl1£.VI £- oiwlj jf 4-^>o JFTE J_<^ Sj^=L^ p j*t 



L^jI^ u h\^-^C, LfcjLlJ>iJ 



u> 



^l: 



<-3j t^a tl i aj LaJ (^JljlII JL^>JI jJu-^JL C-JL-4JI cSjlaJLj J-^ill <-^>^ J-x-^jjj N p^J 3Ll^ JFET (j] 



j JFETj^jjIJUj^l^l^bfcJU 




J <T< r t( Jij VDS J fl^Jl _>lj L<^3 ID jLjlJI ^L<M^ CLc_t!u OJlJ^. (^JlJI )VP J^LjlvVl J g-w (j\ Jk^Mj 

VCjS jl-^v .ilj 1 <\\^-i J_2j (Ijlj^ JLc jLp j^-^j L^jLi^. iJL-^jJI jL^jI Jl_^>. ^J\ J-<-^ o^ l)\ ^LuJI 
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^UL^IdJ^yiaUwl 



. L&J^dJI f'tj-ll AJ^IJ ^J} OIjjIL^J.jIjIlJI ( dJjL^J : 1(J-U 



.7-j^uiJl *_a LAj^dJI . eiaijJsj Aj^Lj jjllx^j^ljlai t^^j-u 



.jjILl^jIjILJI (J-<^. 4»2j^Io ^j^, ^JL^3lj : i^u 
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( 3>ld*l I 3jLH i>u^ ) f liVl i>u*4 (9ju2j £Jj*J 



L^ULS^j SJL^jJtj 4^Ua1( uu^J^it > ^L^lJVf Juu dU^j A,y^j ujJ^Xt J^a > Uaj 



^M, l M ^ « «^t| |*i A jl /j^^l a U , „|j \ l*\< i|j, l*^j ^!/r<^^i^ a ) ^nt) a, 1-^j t| ^'^ < *jj, l**t| ja^I ^ <V| , 1# * 

dJLJju 4jl^L>JI £jL>JI 2_ i^>UJ| «jl2» (3 < «k"lt i^JLl iJjlS aJl^. 


^ul^ll ^JUj j^Jj!>1! : <Uk uJ)iil! (£ gttl e^)^* kLfcil! H 


( ^bVl CtlSjf Jjfc) ^bVl ^jIlujo 


JuL^Lutil 


lil^i 


L£h* 


V 












4_t£.jJj JdJ 1 jjllx^j^ljIdJ ^ rtH Ul jwCjJlj u^_L^DpJI (3-<-uj • 1 










j .arLLdUij |sHj 1 (J-^-c aJaj^Is ..Z 










jji^jit^iJt J^>; j^ .3 










<U3 J-qjlII 










jjIIx^jIjILJi CjLal jLJtTn-ol .J 










jjiujj^[pJ! o^^ .6 


l2_j c J* < <tV*<lt iLL^j^. L^jf j| ^l^-itl ^jLSjVI i^J-i (J( Sj^^dJlII -^J^-Jt *_l$j>J i^e-uijl J_rf-^J <j| c-oo 
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4 3 


/ / t 7c_J ^ITu! t c^ }JL<_\! A-lo! 


2 1 : itjl>rll : <_>jX<_U ^j 


: aU>U]| 


CjL>*jJlJI £j-<^3 £>* ^^0 J-^Lftj La : ^j-iVl Jl>JI 


i^uui 


^-u^jjI -ij^b 




L~\\j r t ^\\j ^~ijj\\ £ a *\l ,nt| i~u ^ <u*^j , i** IjSi , i <s~tt 1 




L?t-pe-x^ ^Lu^^J 4-)jj5cILJl ^J-U^^J ..Z 




tcjLLIJi jl^IoIj ij^stjJl JjjLcuj .J) 




tcjLuji 4 uA\ i* A 




CjLJI 4-jUj Ulllm] ijLxl .5 




e>**ii 


: Cj Lla jjseJLc 
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-cvirnp ll ii ijnl llq -cv'i nil pilnlll nnlnlln TqH 



tt 



- t 



L-juui\j>%j\ 4jLll£> 



4jj Hrttl ^jJiJj JjILl^j^IjIlSI 












. 7-LuL<^3j j^-t^aL^-^D jjILx^JljILJ! a I jLJtTn-ul (^^i^- >J-^^ Mj^"^' QJ^~^J O' 



L>^-^ 



4 : SJL^I j»U>V ^>m Ci^l 
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<Jl^ j l>- . j iglLi-ijvj 1 IpJ 1 4_JL>* (j-C lJj >-lluj /— j^jtiaj 1 Jl>*oJI! £)) uL>o 3 >j! JlLI jLpJl ju-cuc 4»<_u!j_i Ju£. ^j^^jj! I Jl& 



TPIO- 



TP20- 



P1 100.0k 



R1 470.0 



< 



T1 BD137 



:2b>lUluU*II 



JJUtll 


lilwl 


f 


1 


BD173 j^lj] 


1 


1 


1 UUJ\. Sj_tiLLa 4_<s^LL« 


2 


1 


470 <l)lj 4_4jLLa 


3 


1 


LliJJ (^jj-b Jt*._j^a 


4 
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.J-u-^jjJ! 4j?c-l^ ^)-^ ^^^J Sj^ljJI ^a-ge^l .Z 

.( Multimeter ) o^ljx.Vl jjuoXI ^LsJI jU^> LlulLc^ ^^Jil oL^LUI j^t .4 

.^jj^jjI I JlA ^_ dJl <^r La J-ojse-4 ^c Ij^jJD ( . r<^-il .J 

t^llll JjJLjJl Jo^f ^j-wLlUI Sj^^f AljVmilj 



vl^LJI Jl^^ 


£^>Jll J^>- 


Sji^Lail jl^>. 


LED jl^jI! 








Off 








on 



t^Lull 
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j^lwjjljj ftlJLftluLj j^SU djib 



^ j^d? jrjiw SjLil cr^*j 






t4£>&Ut3jJldJt 



10vDC 0- 



inpotO- 



OvO 



R2 120.0k 



C2 100.0u 



R320.0 



R1 4.0k 



C1 100.0u 



f\ 



T1 BC109 



R4 360.0 



-0 outpot 



;2u$lkiluUL£l 



JJUtll 


liiWI 


(» 


1 


BC 1 09 jji<jijjljj 


1 


2 


100|uF< ^,^-.0 


2 


1 


360 AjjIj 4_4_jLLs 


3 


1 


20K. <jjIj 4_4jLLa 


4 


1 


120K. 4jjIj 4_4jLl« 


5 


1 


4J\. Ajju 4_<s^LLa 


6 
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^uljJIj ( Multi meter ) ^ij^cVl j 



I j^LiJI jl_^>iJ LujlLuj-^ 4_jjJLLaJLl CjL_<-uLl2J| J^>*j .4 

.( Oscilloscope ) ^b^^ii 

.^jj^jJI I JlA ^_ dJ or La J-ojse-4 ^c Ij^jjJsj l-xIl^d! .J 

t^Lltl <JjJL>Jl Jo^ij ^j-uLiaJI Sj^>rf a| jLstLtduLj 



£>^' b^i J ^* 


J^jul SjLij ^&>* 


^j-uLl2jI jL^>* 






jTt-L^rJ j-oJ i 






^Ljj^^aJI ^-i-uljJI 



liJllJI CiljLiVI fUMj\ j^jL^^aJI fuJjJI ^IjLgfcLfaxL 



o*>j| ^Lll« ( volt / div )= 
^jJ! ^liia ( time / div )= 

-99- 



tj^jul SjLij l\&>* 













: £j^' SjLij Jh^- 



j^>JI ^LlI* ( volt / div )= 
^jJI ^Lli* ( time / div )= 



100 




-cvirnp ll ii ijnl llq -cv'i nil pilnlll nnlnlln TqH 

gULUI ^iaJj i^ttll 2UU1I SjbVI 



c— <_L^L>ij| 4jLll£> 



JW^I^ G J>^J^^ 













. ^^Jbtltl ^-<-uj ^ji^i tj-^ MJ^ 1 -^' ULD^J 6' 
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Touch-controlled Switch 



R*i 



TfOu£H 



* 4J 



nip 



p* 



A31 



?H* c f t *^^ 



*tt 




RiJ 



id 




rJil jjp-t-ujJ[pJI 4-jI^J cr^- u)L -6^' UL9 ^J (j- tjL -^m 7-Llii 4._uJulII io-t^e-^aJI ^j-tJL aJl-C i_JL». lL_j 
jjp-<-uj*J IjIl! 1 (jj^aiJ 4_d£.j Urr f-*-^J 4r UJ^^J liv/ jjILx^JljILl! (jL3 ^JuJuj liv/ jjIL-uj^jIjIlII 

4-j (J_**j w ^t l^^l^l* jl^>. Jl ^Li^j ^1 P-N-P gji <>* TR8) OFF £_^j 2_ L^f TR8 

. OFF J^u V LED >jr±u wt-cLJI ^LoJl o_^=^ iiUJl * J^> 

(_JLctJI J_^j>JI *^p_uo (jL.a-iVI rf>.r.(A.-w 4r- a-Sj-^-J-U CjLL-tt.iTuJt (jLs 4_uJL*JU 4 a.pe caJl (jjii aJLw £_ Lai 

jwi (TR7, TR8 , LED ) ^ J_^= oj-^ ^-j OFF Jl <^ FET jp^jpll ^ <>l 

. (JJN Jjt .""ill ^-^=J J] ljij^>tJ 
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f l/tf I i>u^ (^u2j £Jj*J 



uUd*J 

(\) 4_4^Lc *-l£>jj liJJjij < Sjj^sJJll jj*sLL*JI (j <a j uai£ (J^ 3 ^V Cr^ 1 -*-^ ^-llZUI I JJb 



j»jl j$JG : *UU uj>Jll! {£ <$M ^gjilll J»L&UI H 



( «iljVI oJLSjf Jjfc) f.\^\ ^^Luj^a 



Ld^= 



L5' s 



»>*• 






^^ 



Lk// 



jU^ Jw>^ o*- £j^'j J^-^l lhW^ -^ ~1 
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( djIJL^Id^j^iy^ )^l:^li^^(^LUJ^:^j 



uj-ui ijjjij ja £ij*iii ihU l*j 



/ 


/ t ?c_J > Qj 1 t U_J N jG ,\ I (§ ( (I 1 


3 2 1 


: iJflL^Jtl : <_s v ClII *& \ 




4 
: ^>UJ| 




CjL>*jJlJI fj-^c^ ^ /80 J-^Lftj La : (^JjVl Jl>JI 


i^uui 


^ < < S~ 1 1 Nam 




Lt jl^uX\ r^-^JJ (J^LlaJI jW^* (3d>^ O^- ?>^'j (J^^l U-"^ t -^*' ~ *■ 




twli 



: CjLLbj^tLa 
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1 adabj^)!>wUA)!j^U%<J!(j!f!j^! .1 

10 ^jUtijo^ijjLuii^uasj^i .2 

25 uUjU»^aj^i>uaijLuLii^ijj .3 

43 ^utljLDIjilji .4 

56 I^jLLuLjj ulj^-^tl . 5 

67 jkL^QI^j^tLtllubL^ .6 

75 iMAtfllUtiVl .7 

84 jfi*2W\ .8 

103 ^tktt\ <^Uj jjJLvjsW .9 

110 JUiljjuDji^^jl^j.lO 
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^uiJlJ! (_y-$-U (—tjjJuJlj (_yLflil ^uJjuI] 4_duiJ! 4-<-(.Lt-tjJ-H jJusj 
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